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NASA ROBOTIC Cap, 


CARA OPERATIONAL 
HIGHLIGHTS 
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CARA Operational Highlights 


e Launch Support/New Missions 
~— TDRS-13 (August 2017) 
e Upcoming launch support 
— JPSS-1: 11/12/2017 
—ICON: 11/15/17 
—GOES-S: 2/1/18 
— TESS: 3/20/18 
— GRACE-FO: 3/21/18 
— GPIM: Q1 2018 
e Recent removals 
— GOES-R (transition to NOAA) 
—EO-1 (EOL) 
—GRACE-2 (EOL) 
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WASA ROBOTIC Cap, 


CARA SOFTWARE STATUS 
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CAS 8.4.3: 
2D/3D Pc Patch 


¢ CAS 8.4.3 was deployed to operations on 13 June 2017 
¢ Discrepancies Between 3D Pc Estimates and advanced Monte Carlo 
Equinoctial-Sampling Pc Estimates discovered and discussed at 23 
May 2017 User’s Forum 
¢ The patch created the Reporting Pc, which is the greater value 
between the calculated 2D and 3D Pc values 
— This changed the Pc reported in the CDMs to the Reporting Pc 
— This changed the Pc reported on the Summary Report to the Reporting Pc 
— This changed the Pc reported on Maneuver Screening Analysis (MSA) Report 
to the Reporting Pc 
¢ Both the 2D and 3D Pc added to the Summary Report details section 
¢ The patch also updated the 3D Pc algorithm to eliminate velocity 
covariance from the Pc calculation 


— This will bring 2D and 3D Pc into close alignment for vast majority of events, 
particularly for the events in which the 2D/3D discrepancy was found 
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CAS 8.4.4: 
HIE Briefing Patch 


¢ CAS 8.4.3 was deployed to operations on TBD 
¢ Discrepancies Between 3D Pc Estimates and advanced Monte Carlo 
Equinoctial-Sampling Pc Estimates discovered 
e Fix actions implemented including updates to CA Summary reports 
— Reports higher of either 2D or 3D Pc 
— Adds both 2D and 3D Pc values to Details section of CA Summary reports 
— Differing values in HIEs validated with Monte Carlo in HIE Briefings 
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Upcoming: 9.0 
Major Release 


¢ CAS 9.0 


— Release NET March 2018 
— System preparation for Space Fence with automation streamlining 
— Update to 9-digit SatIDs 


— Minor updates to Summary Report format and other external pieces, if time 
allows 
e User’s Forum Survey sent out in November to gather feedback from users 
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WASA ROBOTIC Cap, 


CARA STATISTICS 
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WASA ROBOTIC Cag, 


Number of Conjunctions with Current ESC 
Missions 


Unique Events within, 0. oo _ ant ees TYPE 


——— All Scena Objects 
——— All Debris Objects 
Fengyun 1-C Debris 


———~ Iridium-33/Cosmos-2251 Debris | | Landsat. 7, Landsat- 8 or EO- 1 


300 


—— DMSP 5D-2 F13 Debris 
~~~ NOAA 16 Debris 


Analysts 
250 . 


200 L..---: ere nee oe bseasees eee pelisaes aiteiaks beeseened ne ies paeetuinie, ee Betestes pee ee re 


150 


Number of Unique Events 
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Sep05 Mar06 Sep06 Marl? SepO? Mar08 Sep08 Mar09 Sep09 Mar10 Sep10 Mar11 Sep11 Mar12 Sep12 Mar13 Sep15 Marl4 Sep14 Marl5 Sep15 Marl6 Sepi6 Mart7 “Sepi7 
Reporting Month 
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Representative Historical Events by Risk 
Category 


AQUA Conjunction Risk 
2 i) O10 Rea 


ASW Yellow 

O10 Yellow 
ASV Green 

O/0 Green 

Red Threshold 
Yellow Threshold 


. Fengyun 1-C 
debris, 11 JAN 
2007 

. Iridium- 
Cosmos debris, 
12 FEB 2009 

. First screening 
volume update 
ca. Fall 2010 

. Second LEO 

Decl? Decll8 DecOY Dec10 Decl1 Dec12 Dec13 Dect4 Dec15 Deci6 screening, 1 

Creation Date MAR 2014 

. CONOPS, 1 

NOV 2014 
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NASA ROBOTIC Cap, 


Landsat 5 


Cumulative Work Tier Stats 


Landsat 7 


Terra 


EO-1 
SAC-C 


Aqua 


Aura 


Parasol 


CloudSat 


CALIPSO 


SAC-D 


GCOM-W1 


*Note that Tier 1 statistics are 
incomplete for Jan. 2005 — Aug. 
2010. They were compiled using 
all past records on file and do not 
account for all events monitored 
during said time period. 


**TandSat-7 and -8 not 
considered for 2017 YTD stats 


Omicron 


Terra 


through 1 Nov 2017 


Work Tier Definitions 

1 — Email or phone notification 
2 — HIE briefing, MTS, or 
Sensor Coverage 

3 — Maneuver Screening 

4 — Execute Maneuver or 
Waive/Replan existing 
maneuver 


= 


EO-1 


Aqua 


Aura 


CloudSat 


CALIPSO 


GCOM-W1 


OCO-2 


15 


NiPj|Oo|/Oo |; | R/O 


N“N 
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High Interest Events: 
16 May 2017 through 1 Nov 2017 


[*LandSat-7 and -8 not considered | and -8 not considered 


1: Notify 0/O 8 Fall 2017 1/24 days (6 events) 2/week 
(Email/phone call) June 2017 - Oct 2017 
2: Brief O0/O NS) Spring 2017 1/36 days (8 events) 2 /week 
(HIE package, MTS, etc.) Aug 2016 - May 2017 
3: Ephemeris Screening 8 Fall 2016 1/36 days (5 events) 3 /week 
Feb 2016 - Sep 2016 
4: Execute mitigation action 6 
(RIMINI Wairelon Renlanimanenver alta RMN(e Spring 2016 1/16 days (13 events) 4/week 
Jun 2015 - Feb 2016 
3 Re-plans 
Total Al Fall 2015 1/15 days (14 events) 4/week 


Nov 2014 - May 2015 


Totals are for 6 of CARA’s ~65 missions 


— Total CARA work tier events: 67 (of which 41 are ESC) 
— Total CARA work tier 3 & 4: 23 (of which 14 are ESC) 
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WASA ROBOTIC Cag, 


HIE History for 705-km Constellations 
(Through 15 May 2017) 


Normalized by no. of constellation missions 
supported per year 


Work Tier Definitions 

1 — Email or phone notification 

2 — HIE briefing, MTS, or 

Sensor Coverage 

3 — Maneuver Screening 

4 — Execute Maneuver or 

Waive/Replan existing 

maneuver | 
__HTl | 


2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 YTD 


m Worktier 3 m Worktier 4 
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WASA ROBOTIC Cag, 


LEO Spacecraft Planning Effort Over Time 


LEO Maneuver Planning 


160 


140 


Maneuver planning 
120 events are considered 
Work Tier 1, 2, 3 


100 


80 


Number of Unique Events 


60 
40 


20 


Ly 


2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 YTD 
Year 


mmm # Maneuver Planning Events LEO magi# RMMs LEO 


mam # Modified Maneuvers LEO —# Maneuverable Spacecraft LEO 
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WASA ROBOTIC Cap, 


New WT4 for 705-km Constellations 
(May 16 - Nov 1 2017) 


RMMs 
Primary Secondary Maneuver TCA (GMT) Minimum Miss | Maximum Pc} Minimum Miss | Maximum Pc | Maximum 
Object Object Date Distance Observed} Observed /Distance Observed) Observed F-value 
[m] (ASW) (ASW) [m] (OO) (OO) Observed 
UNKNOWN 01 Jun 2017 
GCOM-W1 (89011) 01 Jun 2017 see 39 8.62E-03 21al 1.19E-02 7.8 
IRIDIUM 33 Deb 06 Jul 2017 
Terra (35627) 05 Jul 2017 anne 176 1.55E-03 162 1.76E-03 7.4 
Fengyun 1C Deb 06 Jul 2017 
GCOM-W1 (31616) 06 Jul 2017 noah 709 1.73E-03 732 1.55E-03 5.6 


Re-planned, Postponed, Waived Off Maneuvers 


TCA (GMT) 


Primary 
Object 


Secondary 
Object 


UNKNOWN 
(81508) 


Maneuver 
Date 


20 Jul 2017 


21 Jul 2017 
10:30 
22 Jul 2017 


Minimum Miss 
Distance Observed 
[m] (ASW) 


Maximum Pc 
Observed 
(ASW) 


Minimum Miss 
Distance Observed 
[m] (OO) 


Maximum Pc 
Observed 
(OO) 


3.69E-06 


Maximum 
F-value 
Observed 


Aura PICOSAT 5 (26093)} 21 Jul 2017 08:36 790 6.45E-06 135 9.48E-04 8.6 
COSMOS 2251 Deb 19 Oct 2017 
OCcO-2 (34390) 19 Oct 2017 22:12 10231 1.95E-05 10151 2.73E-05 4.3 


Omicron 
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WASA ROBOTIC Cag, 


CARA Action Item: Current Catalog Altitude 


Low Earth Orbit Height Distribution - November 2017 


3 : : | —&— Catalog Objects 
ny esse SLI ARTRE ae Ne Tame sro 1 1)......2..]| —Se- Fengyun-1C Debris 
: | —=ie~lridium 33 & Cosmos 2251 Debris 


Number of Objects (per 20 km bin) 


0 200 400 600 800 1000 120 1400 1600 1800 2000 
Mean Equatorial Height (km) 
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WASA ROBOTIC Cap, 


OPEN DISCUSSION 
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ASA ROBOTIC Cary 


BACKUP 
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NASA ROBOTIC Cap, 


as _ 
10) 5) (ul 


Terra SCOUT G-1 
PARASOL AnalystSat 

Terra FengYun 1-C Debris 
CloudSat SINAH 1 

Aura TRIAD 1 Debris 
CloudSat Delta I Debris 
PARASOL Fengyun 1-C Debris 
CloudSat Cosmos 2251 

EO-1 SL-16 Debris 
PARASOL Fengyun 1-C Debris 
Aqua Fengyun 1-C Debris 
Landsat-7 FORMOSAT 3D 
Terra Iridium 33 Debris 
Landsat-5 AnalystSat 
CloudSat AnalystSat 
Landsat-5 Cosmos 2251 Debris 


CloudSat SL-16 Debris 

CloudSat Cosmos 2251 Debris 
Aura Cosmos 2251 Debris 
Aqua Cosmos 2251 Debris 
Aqua Iridium 33 Debris 
CALIPSO OV2-1 

Aqua Thorad Agena D Debris 


Omicron 


10/21/2005 
1/16/2007 
6/22/2007 
7/4/2007 
6/26/2008 
7/20/2008 
10/19/2008 
4/23/2009 
5/11/2009 
9/29/2009 
11/25/2009 
12/11/2009 
1/22/2010 
4/1/2010 


8/17/10 & 8/18/10 


8/24/2010 
10/11/2010 
10/13/2010 
11/22/2010 

1/2/2011 
2/8/2011 
2/18/2011 
3/1/2011 


Risk Mitigation Maneuvers 
for 705-km Constellations 


10/23/2005 20:53 
1/17/2007 8:43 
6/23/2007 21:44 
7/6/2007 6:51 
6/27/2008 15:34 
7/21/2008 4:38 
10/20/2008 10:59 
4/24/2009 13:29 
5/12/2009 16:59 
9/30/2009 10:54 
11/26/2009 15:36 
12/16/2009 18:54 
1/23/2010 20:46 
4/1/2010 20:49 
8/18/2010 5:25 
8/27/2010 12:58 
10/12/2010 4:15 
10/13/2010 23:58 
11/24/2010 11:16 
1/5/2011 18:17 
2/8/2011 19:32 
2/19/2011 20:47 
3/2/2011 2:45 


Minimum Miss 


Distance 
(0) oF Xe) tere O08 


43 
18 
38 
1a 
90 
82 
52 
43 


95 
204 


WED ete we 
(0) okY=) wars | 


8.20E-02 
1.80E-02 
1.60E-01 
4.70E-02 
4.80E-01 
2.90E-03 
2.10E-02 
4.80E-02 
1.60E-02 
1.20E-01 
7.00E-02 
2.30E-02 
5.70E-03 
5.50E-03 
EVE O2 
5.15E-03 
3.80E-03 
4.25E-03 
3.90E-02 
8.40E-03 
4.70E-02 
2.20E-04 
3.41E-03 


Maximum F- 
value 
Observed 
Se) 
8.91 
8.73 
Oa 
Ge 
8.48 
6.42 
9.82 
8.11 
8.81 
923 
9.07 
8.15 
7.6 
tall 
7.6 
8.9 
62 
o5 
6.4 
8.6 
9 
9 
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NASA ROBOTIC Cap, 


Risk Mitigation Maneuvers 
for 705-km Constellations cont. 


Primary | Secondary Object | Maneuver Date TCA (GMT) Minimum Miss Maximum Pc _ | Maximum F- 
Object Distance Observed value 
Observed (m Observed 
280 UNK 


CloudSat Aqua 6/18/2011 7/1/2011 0:13 N/A 
CloudSat Terra 10/6/2011 11/7/2011 0:33 125 UNK UNK 
Landsat-7 Cosmos 374 Debris Ie 20 11/30/2011 18:07 Se 4.75E-03 i 
CloudSat FengYun 1-C Debris 12/14/2011 12/15/2011 18:59 220 1.79E-02 UNK 
Landsat-7 FengYun 1-C Debris 3/8/2012 3/9/2012 19732 498 2.02E-03 epik 
Landsat-7 Meteor 1-10 Debris 4/17/2012 4/18/2012 8:14 32 3.73E-02 7.8 
Aura Cosmos 2251 Debris 5/16/2012 5/17/2012 19:09 81 4.70E-04 8 
Landsat-5 Thorad Agena D Debris 6/29/2012 7/1/2012 1:46 34 5.42E-03 9 
CloudSat SINAH 1 9/7/2012 9/8/2012 4:57 61 3.55E-03 OZ 
GCOM-W1 Fengyun 1C Debris 9/8/2012 9/8/2012 21:18 241 1.59E-03 fis 
GCOM-W1 SL-16 Debris 9/25/2012 9/25/2012 20:54 125 4.68E-03 8.4 
CALIPSO Cosmos 2251 Debris 10/2/2012 NOV 272012 22:28 5 5.90E-02 9.6 
PARASOL SL-16 Debris 25/2002 11/25/2012 18:45 78 8.32E-03 8.6 
CALIPSO Cosmos 2251 Debris 1/5/2013 1/6/2013 13:51 94 2.43E-03 8.7 
Landsat-5 AnalystSat 2/12/2013 2/ls/2013 12:29 58 5.86E-03 LS 
Aqua Thor Ablestar Debris 3/10/2013 3/12/2013 4:02 74 2.57E-03 8.5 
CALIPSO Iridium 33 Debris 3/20/2013 3/20/2005 22123 129 5.72E-03 She 
Aqua Iridium 33 Debris 3/23/2013 3/23/2013 11:17 329 3.92E-04 6.4 
Terra Cosmos 1174 Debris 3/24/2013 3/26/2013 4:24 113 2.38E-03 o:3 
CloudSat Fengyun 1C Debris 4/25/2013 4/26/2013 11:39 529 1.37e-03 6.8 
LDCM NOAA 13 Debris 5/5/2013 5/6/2013 19:53 248 1.96E-02 9.6 
Landsat-7 CZ-4 Debris 5/9/2013 5/10/2013 14:21 128 5.14E-04 8.9 


Omicron 
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NASA ROBOTIC Cap, 


Risk Mitigation Maneuvers 
for 705-km Constellations cont. 


Primary | Secondary Object | Maneuver Date TCA (GMT) Minimum Miss Maximum Pc_ | Maximum F- 
Object Distance Observed WETS 
Observed (m Observed 
69 7.4 


GCOM-W1 CZ-4 Debris 10 May 2013 11 May 2013 22:24 6.81E-03 

GCOM-W1 Fengyun 1C Debris 23 Jun 2013 25 Jun 2013 13:00 162 5.58E-03 9.4 
Landsat8 AnalystSat 15 Aug 2013 16 Aug 2013 11:39 1250 1.28E-03 6.4 
Terra CZ-4 Debris 18 Aug 2013 19 Aug 2013 07:43 79 6.72E-02 9.3 
Aura SJ-11-02 02 Sep 2013 03 Sep 2013 07:02 320 2.23E-04 8.5 
GCOM-W1 Fengyun 1C Debris 19 Sep 2013 20 Sep 2013 05:55 184 1.69E-03 fie 
CALIPSO Cosmos 397 Debris 24 Sep 2013 24 Sep 2013 18:31 115 2.42E-03 8.3 
Landsat 7 SL-8 Debris 01 Oct 2013 02 Oct 2013 20:53 58 7.51E-04 8.7 
Aqua Iridium 33 Debris 25 Oct 2013 25 Oct 2013 04:27 689 8.99E-04 8.8 
Terra Fengyun 1C Debris 17 Nov 2013 18 Nov 2013 05:42 Lie 1.01E-02 8.5 
Aqua Cosmos 2251 Debris 28 Nov 2013 28 Nov 2013 22:28 373 6.41E-04 Se 
Terra CZ-4 Debris 10 Feb 2014 10 Feb 2014 11:52 152 1.24E-02 8.5 
Terra Delta 1 Debris 2014 Mar 21 23 Mar 2014 00:17 50 2.35E-03 8.6 
Landsat 7 Delta 1 Debris 2014 Apr 15 16 Apr 2014 17:10 362 8.63E-03 pall 
GCOM-W1 Iridium 33 Debris 2014 Apr 22 22 Apr 2014 17:11 223 3.39E-03 8.0 
Landsat 7 Cosmos 2251 Debris 27 May 2014 28 May 2014 06:19 7 2.31E-02 8.4 
OCO-2 AnalystSat 24 Aug 2014 24 Aug 2014 01:47 147 8.84E-04 6.5 
Landsat 8 Cosmost 2251 Debris 28 Aug 2014 30 Aug 2014 19:15 384 3.02E-03 pall 
Aura Fengyun 1C Debris 29 Aug 2014 02 Sep 2014 12:32 408 1.19E-03 6.7 
OCO-2 CZ-4B Debris 14 Sep 2014 14 Sep 2014 22:51 81 2.84E-04 7.8 
Landsat 7 SL-8 Debris 25 Sep 2014 25 Sep 2014 22:47 1447 4.16E-04 fea 


Omicron 
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NASA ROBOTIC Cap, 


Risk Mitigation Maneuvers 
for 705-km Constellations cont. 


Primary | Secondary Object | Maneuver Date TCA (GMT) Minimum Miss Maximum Pc 
Object Distance Observed 
Observed (m 


GCOM-W1 SL-16 Debris 12 Oct 2014 13 Oct 2014 08:03 1900 6.75E-04 
Aqua Unknown 21 Oct 2014 21 Oct 2014 04:17 4935 6.90E-04 
GCOM-W1 Cosmos 1275 Debris 09 Nov 2014 09 Nov 2014 23:44 69 3.91E-03 
Terra Iridium 33 Debris 31 Dec 2014 01 Jan 2015 06:24 206 9.67E-04 
OCO-2 Cosmos 2251 Debris 01 Jan 2015 02 Jan 2015 07:58 152 6.70E-04 
CloudSat SL-8 Debris 14 Mar 2015 15 Mar 2015 20:07 40 3.72E-04 
Landsat 8 Cosmos 2251 Debris 10 Apr 2015 10 Apr 2015 14:37 46 8.68E-04 
GCOM-W1 DMSP 5D-2 F11Debris 13 Apr 2015 13 Apr 2015 06:06 1439 1.46E-03 
GCOM-W1 SJ-11-01 20 May 2015 22 May 2015 14:27 455 2.27E-03 
Terra Cosmos 2251 Debris 27 May 2015 27 May 2015 23:13 Sil 1.86E-02 
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NASA ROBOTIC Cap, 


Risk Mitigation Maneuvers (RMMs) 
for 705-km Constellations 


Min. 0/0 
Primary, Secondary Object {Maneuver Date TCA (GMT) ee hte vail ou WIS Mane 
Object Distance (m) Distance Pc 


Terra 87692 (UNKNOWN) 16Jun2015  16Jun 2015 08:33 Is 2G Be 147 2.19E-2 
26093 (COSMOS 2251 22 Nov 2015 
OCO-2 aa Zip Noy 20d15 aa) eee 40 AGE 137 6.54E-4 
20435 10 Dec 2015 
OCO-2 ae DER) HOM ec2 015 Ree 7 1.09E-1 13 8.13E-3 
00478 
Landsat-7 (THOR ABLESTAR Memeevrig | 2 Bese 25 2.99E-2 64 3.03E-2 
06:48 
DEB) 
Aura ae 18Jan2016 19 Jan 201601:17 143 1575-3 138 1355-3 
(CBERS 1 DEB) 
ones oe” 04Mar2016 04 Mar 2016 05:50 27 DEO? 55 3.42E-03 
(CZ-2D Deb) 
Mee (ele? 15 Mar2016 16 Mar 2016 08:27 19 3.36E-01 5 BE Ot 
(COSMOS 2251 Deb) : 
35072 
0CO-2  [cosmos2251 Dep) 12 APF2016 13 Apr 2016 00:27 4.5 4.97E-04 182 4.81E-04 
lentes 24Apr2016 24 Apr 2016 23:51 ite 6.43E-04 33 5.82E-04 
(Unknown) 
36543 
GCOM-W1 (cosmos 2251Deb) 08)n 2016 08 jun 2016 23:24 40 3.68E-03 102 G73E-3 


*The Aura event was both a waived 
maneuver (INC#46) and an RMM 
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Primary 
Object 


Landsat-7 


NASA ROBOTIC Cap, 


Secondary 
Object 


SL-24 Deb 
(37796) 


Maneuver 
Date 


15 Sep 2016 


New Risk Mitigation Maneuvers (RMMs) 
for 705-km Constellations 


TCA (GMT) 


16 Sep 2016 
13:28 


Minimum Miss 
Distance Observed 
[m] (ASW) 


Maximum Pc 
Observed 
(ASW) 


9.68E-02 


Minimum Miss 
Distance Observed 
[m] (OO) 


Maximum Pc 
Observed 
(OO) 


4.09E-02 


Maximum 
F-value 
Observed 


GCOM-W1 


UNKNOWN 
(88203) 


29 Sep 2016 


30 Sep 2016 
17:47 


3.32E-03 


2.91E-03 


CALIPSO 


METEOR 1-10 
Deb (08826) 


23 Dec 2016 


23 Dec 2016 
01:44 


6.51E-03 


4.97E-03 


GCOM-W1 


UNKNOWN 
(89231) 


11 Jan 2017 


11 Jan 2017 
15:19 


1.29E-03 


1.20E-03 


Aura 


PSLV R/B 
(25759) 


Omicron 


26 Mar 2017 


26 Mar 2017 
13:39 


3.45E-02 


5.14E-03 


Updated as of May 2017 
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WASA ROBOTIC Cap, 


Re-planned, Postponed, Waived Off Maneuvers 
(705-km Constellations) 


WED we 
Observed 


Minimum Miss 
Distance 
Observed ASW 


Minimum Miss 
Distance Observed 


ult Maneuver Date 


Object 


Secondary Object TCA (GMT) 


Terra 
Aura 
Aura 
Landsat-7 
CALIPSO 
CloudSat 
Landsat-7 
Aqua 
Aqua 
Aqua 
Aura 
Landsat-7 
Aqua 
Aqua 
Terra 
Landsat-7 
GCOM-W1 
Aura 
Landsat-5 
Aqua 
Aqua 
Aura 
Aura 
(Loc 


Titan 3C Transtage Debris 
Titan 3C Transtage Debris 
DMSP 5D-2 F11 debris 
Fengyun 1-C debris 

CZ-4 Debris 
Monitor-E/SL-19 
AnalystSat 

CloudSat 

Fengyun 1-C debris 
COSMOS 2251 Debris 
COSMOS 2251 Debris 
CZ-2C Debris 

CZ-4 Debris 

Titan 3C Transtage Debris 
Nigeriasat-2 

Fengyun 1-C Debris 
Iridium 33 Debris 
AnalystSat 

COSMOS 2251 Debris 
AnalystSat 

COSMOS 2251 Debris 
Latinsat B 

SL-16 Debris 

Atlas Centaur R/B 


UNK 
6/17/2008 
6/17/2008 
2/3/2009 
11/23/2010 
11/23/2010 
12/21/2010 
6/8/2011 
6/23/2011 
8/25/2011 
9/8/2011 
10/6/2011 
10/25/2011 
12/20/2011 
5/31/2012 
6/19/2012 
6/28/2012 
8/29/2012 
9/13/2012 
9/13/2012 
1/25/2013 
4/3/2013 
4/3/2013 
4/3/2013 


1/12/2006 17:46 
6/13/2008 3:26 
6/15/2008 20:34 
1/14/2009 9:49 
11/23/2010 3:12 
11/23/2010 13:47 
12/21/2010 19:43 
5/22/2011 0:00 
6/23/2011 17:27 
8/29/2011 3:57 
9/3/2011 5:57 
10/9/2011 1:16 
10/26/2011 11:13 
12/16/2011 19:36 
6/1/2012 22:49 
6/21/2012 13:40 
6/29/2012 6:23 
9/2/2012 13:28 
9/11/2012 17:47 
9/16/2012 18:50 
1/28/2013 19:46 
3/24/2013 22:04 
3/30/2013 3:08 
4/4/2013 4:11 


0/0 (m) 


0.00E+00 
N/A 
N/A 
5.13E-05 
1.60E-03 
0.00E+00 
2.35E-03 
UNK 
4.92E-02 
0.00E+00 
2.20E-03 
1.68E-06 
1.80E-03 
0.00E+00 
0.00E+00 
1.01E-04 
N/A 
2.74E-03 
4.83E-03 
0.00E+00 
3.23E-04 
7.28E-16 
3.24E-103 
1.88E-52 


ASA ROBOTIC Cap, 


Re-planned, Postponed, Waived Off Maneuvers 
(705-km Constellations) cont. 


Primary Maneuver Date Minimum Miss_ | Minimum Miss | Maximum Pc 


Object 


Secondary Object 


TCA (GMT) 


Distance Observed 
0/0 (m) 


Distance 


Observed ASW 


0) ake) wicerel 


Aqua PSLV Debris 30 Apr 2013 24 Apr 2013 07:44 238 3810 6.63E-08 
Landsat 8 SL-8 Debris 21Jul2013 23 Jul 2013 19:56 1549 266 1.26E-03 
Landsat8 NOAA 13 Debris 26 Sep 2013 28 Sep 2013 03:16 PTAA 209 1.44E-08 
Aura Cosmos 2251 Debris 15 Nov 2013 18 Nov 2013 17:50 157 3822 1.27E-02 
Aqua SL-16 Debris 14 Jan 2014 09 Jan 2014 23:30 1402 3355 2.50E-05 
Aqua Cosmos 2251 Debris 14Jan2014 14 Jan 2014 17:24 7979 2930 4.06E-06 
Terra Magion 2 26 Feb 2014 26 Feb 2014 02:42 280 6806 1.14E-06 
GCOM-W1__CZ-2D Debris 02 Apr2014 27 Mar 2014 16:06 1454 11725 1.82E-04 
CloudSat AnalystSat 04 Apr2014 03 Apr 2014 22:42 zal 10269 1.30E-04 
CloudSat Thor Ablestar Debris 21 May 2014 22 May 2014 12:02 152 1199 9.00E-06 
Aura Cosmos 2251 Debris 19 Jun 2014 20 Jun 2014 05:22 ey 64 8.80E-05 
Landsat8 Cosmos 2251 Debris 24 Sep 2014 24Sep 2014 01:52 154 2628 0.00E+00 
Terra Cosmos 2251 Debris 13 Nov 2014 08 Nov 2014 22:46 is 6067 0.00E+00 
Calipso CZ-2C Debris 05 Dec 2014 06 Dec 2014 06:49 1409 N/A N/A 

Terra Iridium 33 Debris 12 Dec 2014 13 Dec 2014 15:44 4110 4320 2.13E-04 
Aura Fengyun 1-C debris 28Jan 2015 24 Jan 2015 13:34 1292 1460 6.82E-04 
Aura CZ-2C Debris 28 Feb 2015 07 Feb 2015 02:16 298 153 1.04E-03 
Aura CBERS 1 Debris 28 Feb 2015 18 Feb 2015 22:36 150 607 6.06E-09 
Aqua Cosmos 2251 Debris 22 May 2015 22 May 2015 23:47 149 395 1.24E-04 
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Re-planned, Postponed, Waived Off Maneuvers 
(705-km Constellations) 


Secondary Object TCA (GMT) | Min ASW Miss | Max ASW Pc |Min 0/0 Miss|Max 0/0 Pc 
0) ) Cas Date Distance (m Distance (m 


Landsat 7 
Aqua 
Aura 


CloudSat 


Aqua 


Aqua 
Terra 
OCO-2 


Aura* 


30844 

(Fengyun 1C debris) 7° J4"2015 
21544 

(Delta 1 Debris) 15 Oct 2015 
32344 

(Fengyun 1C Debris) 10 Nov 2015 
34378 

(Iridium 33 Debris) 19 Nov 2015 
00253 

(Thor Ablestar 20 Nov 2015 
Debris) 

22475 

(SL-16 Debris) 16 Dec 2015 
34155 

(Iridium 33 Debris) 18 Dec 2015 
38016 

(Iridium 33 Debris) 30 Dec 2015 
eae 15 Mar 2016 


(COSMOS 2251 Deb) 


*The Aura event was both a waived 
maneuver (INC#46) and an RMM 


Omicron 


25 Jun 2015 

02-01 3766 
10 Oct 2015 

20:46 was 
06 Nov 2015 

10:08 2056 
19 Nov 2015 

19-00 33113 
21 Nov 2015 

113 Nes 
16 Dec 2015 

16:16 ay 
18 Dec 2015 

15:31 20a 
24 Dec 2015 

16:05 15531 
16 Mar 2016 

08:27 oe 


3.26E-05 
2.27E-04 
4.55E-05 


0.00E+00 


N/A 


7.90E-04 
1.47E-03 
8.59E-5 


3.36E-01 


1439 


2.76E-4 


1.92E-4 


3.25E-4 


2.95E-5 


8.71E-4 


8.93E-4 


8.08E-4 


6.69E-06 


S708 
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NASA ROBOTIC Cap, 


Re-planned, Postponed, Waived Off Maneuvers 
(705-km Constellations) 


Primary 
Object 


Secondary 
Object 


Fengyun 1C Deb 


(32228) 


Maneuver 
Date 


12 Oct 2016 


TCA (GMT) 


17 Oct 2016 
14:25 


Minimum Miss 
Distance Observed 
[m] (ASW) 


Maximum Pc 
Observed 
(ASW) 


7.65E-07 


Minimum Miss 
Distance Observed 
[m] (OO) 


Maximum Pc 
Observed 
(OO) 


9.43E-05 


Maximum 
F-value 
Observed 


Fengyun 1C Deb 


(32228) 


07 Jan 2017 


10 Jan 2017 
07:53 


4.03E-07 


2.02E-05 


(UNKNOWN) 
82511 


09 Jan 2017 


11 Jan 2017 
12:50 


9.56E-05 


7.01E-05 


THOR ABLESTAR 


Deb (18908) 


Omicron 


26 Apr 2017 


28 Apr 2017 
17:27 


7.84E-05 


2.88E-03 


Updated as of May 2017 
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NASA ROBOTIC Cap, 


Normalizing HIE Trend Data 


Year \\fomney a Notes 
Missions 


2005 9 L5, L7, Terra, Aqua, Aura, EO-1, Parasol, SAC-C, IceSAT 
2006 10.5 Added CALIPSO and PARASOL in April; 0.75 yrs each 
2007 11 

2008 11 

2009 11 

2010 10.6 Stopped supporting IceSAT in August 

2011 10 

2012 10.5 Added GCOM-W1 in May 

2013 11 Added L8 in February; dropped Landsat 5 in June 
2014 10.5 Added OCO-2 in July; dropped SAC-C, PARASOL 

2015 10 

2016 10 

2017 6.5 Removed Landsat-7 and 8 Nov 1 2016, EO-1 decommissions Apr 1 2017 


= 
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